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(57) ABSTRACT 

A control apparatus for controlling a driving device of a 
vehicle, the driving device including a transmission system 
including (A) a non-step speed change portion Which 
includes (a1) a diiTerential device including a ?rst rotary 
element connected to an engine, a second rotary element 
connected to a ?rst electric motor, and a third rotary element 
connected to a transmission member, and (a2) a second 
electric motor provided in a poWer transmission path 
betWeen the transmission member and drive Wheels, and (B) 
a stepWise speed change portion; the control apparatus 
including a di?‘erential-state sWitching device Which selec 
tively sWitches the diiTerential device to a differential state 
and to a non-differential state, and a rotation speed synchro 
niZation controller Which performs a synchronization con 
trol of respective rotation speeds of the ?rst, second, and 
third rotary elements to respective rotation speeds thereof 
after completion of a stepWise speed change control. 

20 Claims, 15 Drawing Sheets 
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CONTROL APPARATUS FOR 
CONTROLLING DRIVING DEVICE OF 

VEHICLE 

The present application is based on Japanese Patent 
Application No. 2004-165806 ?led on Jun. 3, 2004, the 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a control apparatus for 
controlling a driving device of a vehicle, in particular a 
driving device including a differential device that has a 
differential function and thereby operates as a speed change 
device, i.e., a transmission, and additionally including a 
stepWise automatic transmission, and relates particularly to 
the art of controlling the differential device When speed steps 
of the driving device are changed. 

There is knoWn a driving device of a vehicle that includes 
a differential device that distributes an output of an engine 
to a ?rst electric motor and an output shaft; and a second 
electric motor that is provided betWeen the output shaft of 
the differential device, and the drive Wheels. An example of 
a driving device of a hybrid vehicle is disclosed by each of 
Japanese Patent Application Publication No. 2003-130202, 
Japanese Patent Application Publication No. 2003-130203, 
Japanese Patent Application Publication No. 2003-127681, 
and Japanese Patent Application Publication No. ll(l999) 
198668. In the hybrid-vehicle driving device, the differential 
device is constituted by, e.g., a planetary gear set, and 
mechanically transmits, oWing to a differential function of 
the planetary gear set, a main portion of poWer of the engine 
to the drive Wheels, and electrically transmits the remaining 
portion of the poWer via an electric path from the ?rst 
electric motor to the second electric motor. Thus, the dif 
ferential device functions as a transmission Whose speed 
ratio is electrically changed, for example, an electric CVT 
(continuously variable transmission). The differential device 
is controlled by a control device so that the vehicle may run 
While the engine is kept in an optimum operating state. Thus, 
a fuel consumption rate of the vehicle is improved. In 
addition, the vehicle driving device, disclosed by the above 
indicated Japanese Publication No. 2003-130202, further 
employs a stepWise automatic transmission provided in a 
poWer transmission path betWeen the output shaft of the 
differential device and the drive Wheels, for the purpose of, 
e.g., reducing the siZe of the second motor. 

SUMMARY OF THE INVENTION 

Generally, a speed change control of a driving device 
including a stepWise automatic transmission employing a 
plurality of coupling devices is performed by changing 
speed steps of the stepWise automatic transmission by 
engaging and/or disengaging (releasing) of the coupling 
devices. Also, in the vehicle driving device, disclosed by the 
above-indicated Japanese Publication No. 2003-130202, not 
only the operation of the differential device as the electric 
CVT but also the stepWise speed change of the stepWise 
automatic transmission provided in the poWer transmission 
path betWeen the output shaft of the differential device and 
the drive Wheels are likeWise performed by engaging and/or 
disengaging of coupling devices. 

HoWever, a speed change shock may occur depending 
upon a timing When the engaging and/or disengaging of 
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2 
coupling devices are/is performed to change the speed steps 
of the stepWise automatic transmission. In particular, in a 
driving device, as disclosed by the above-indicated Japanese 
Publication No. 2003-130202, Wherein a hydraulic poWer 
transmission such as a torque converter is not employed, the 
changing of speed steps results in changing univocally the 
rotation speed of the engine relative to the running speed of 
the vehicle, and accordingly a speed change shock may 
occur With more possibilities. Generally, it is preferred to 
complete the changing of speed steps in a short time so as 
to decrease a time period in Which the driving poWer is not 
transmitted. HoWever, if the timing When the engaging 
and/or disengaging of coupling devices are/is performed is 
so selected as to decrease the speed change period, the 
problem of speed change shock may be ampli?ed. 

It is therefore an object of the present invention to provide 
a control apparatus Which controls a driving device of a 
vehicle, the driving device including a differential device 
that has a differential function and thereby operates as a 
transmission, and additionally including a stepWise auto 
matic transmission, and Which can restrain a speed change 
shock When a speed change control of the driving device is 
performed. 

According to a ?rst aspect of the present invention, there 
is provided a control apparatus for controlling a driving 
device of a vehicle, the driving device including a transmis 
sion system including (A) a non-step speed change portion 
Which includes (a1) a differential device including a ?rst 
rotary element connected to an engine, a second rotary 
element connected to a ?rst electric motor, and a third rotary 
element connected to a transmission member, and (a2) a 
second electric motor provided in a poWer transmission path 
betWeen the transmission member and a plurality of drive 
Wheels, and Which functions as an electric, continuously 
variable transmission, and (B) a stepWise speed change 
portion Which constitutes a portion of the poWer transmis 
sion path and functions as a stepWise automatic transmis 
sion, the control apparatus comprising a differential-state 
sWitching device Which is associated With the differential 
device and selectively sWitches the differential device to a 
differential state thereof in Which the non-step speed change 
portion can operate as the electric continuously variable 
transmission, and to a non-differential state thereof in Which 
the non-step speed change portion cannot operate as the 
electric continuously variable transmission; and a rotation 
speed synchroniZation controller Which, When a stepWise 
speed change control of the transmission system is per 
formed, performs, With at least one of the ?rst and second 
electric motors, a synchroniZation control of respective 
rotation speeds of the ?rst, second, and third rotary elements, 
to respective rotation speeds thereof after completion of the 
stepWise speed change control. 

Thus, the driving device includes the differential device 
Which is so arranged as to be sWitchable, by the differential 
state sWitching device, to the differential state in Which the 
non-step speed change portion can operate as the electric 
continuously variable transmission (CVT), and to the non 
dilferential state in Which the non-step speed change portion 
cannot operate as the electric CVT. When the stepWise speed 
change control of the transmission system including the 
non-step speed change portion and the stepWise speed 
change portion is performed, the rotation speed synchroni 
Zation controller operates at least one of the ?rst and second 
electric motors, and thereby performs the synchroniZation 
control of the respective rotation speeds of the ?rst, second, 
and third rotary elements of the differential device, to the 
respective rotation speeds thereof after the completion of the 
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stepwise speed change control. Therefore, the present con 
trol apparatus can restrain the speed change shock that might 
otherwise occur to the driving device. 

According to a second aspect of the present invention, 
there is provided a control apparatus for controlling a 
driving device of a vehicle, the driving device including a 
transmission system including (A) a non-step speed change 
portion Which includes (a1) a differential device including a 
?rst rotary element connected to an engine, a second rotary 
element connected to a ?rst electric motor, and a third rotary 
element connected to a transmission member, and (a2) a 
second electric motor provided in a poWer transmission path 
betWeen the transmission member and a plurality of drive 
Wheels, and Which functions as an electric, continuously 
variable transmission, and (B) a stepWise speed change 
portion Which constitutes a portion of the poWer transmis 
sion path and functions as a stepWise automatic transmis 
sion, the control apparatus comprising a differential-state 
sWitching device Which is associated With the differential 
device and selectively sWitches the differential device to a 
differential state thereof in Which the non-step speed change 
portion can operate as the electric continuously variable 
transmission, and to a non-differential state thereof in Which 
the non-step speed change portion cannot operate as the 
electric continuously variable transmission; and a rotation 
speed synchroniZation controller Which, When a stepWise 
speed change control of the transmission system is per 
formed, performs, With at least one of the ?rst and second 
electric motors, a synchroniZation control of a rotation speed 
of the engine to a rotation speed thereof after completion of 
the stepWise speed change control. 

Thus, the driving device includes the differential device 
Which is so arranged as to be sWitchable, by the differential 
state sWitching device, to the differential state in Which the 
non-step speed change portion can operate as the electric 
CVT, and to the non-differential state in Which the non-step 
speed change portion cannot operate as the electric CVT. 
When the stepWise speed change control of the transmission 
system including the non-step speed change portion and the 
stepWise speed change portion is performed, the rotation 
speed synchroniZation controller operates at least one of the 
?rst and second electric motors, and thereby performs the 
synchroniZation control of the rotation speed of the engine 
to the rotation speed thereof after the completion of the 
stepWise speed change control. Therefore, the present con 
trol apparatus can restrain the speed change shock that might 
otherWise occur to the driving device. 

According to a preferred feature of the ?rst or second 
aspect of the present invention, the differential-state sWitch 
ing device selectively establishes, as the non-differential 
state, one of a ?rst non-differential state in Which the ?rst, 
second, and third rotary elements are rotated as a unit, and 
a second non-differential state in Which the second rotary 
element is not rotated, and Wherein the rotation speed 
synchroniZation controller selects, When the stepWise speed 
change control is performed, one of a plurality of different 
rotation speed synchroniZation control methods that corre 
sponds to a judgment about Whether a sWitching betWeen the 
?rst and second non-differential states is performed. Thus, 
When the stepWise speed change control is performed, the 
synchroniZation control of the rotation speeds of the ?rst, 
second, and third rotary elements, or the synchroniZation 
control of the rotation speed of the engine can be appropri 
ately performed. Thus, the speed change shock can be 
restrained. 

According to another feature of the ?rst or second aspect 
of the present invention, When the stepWise speed change 
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4 
control is performed, the rotation speed synchroniZation 
controller temporarily sWitches, When the sWitching 
betWeen the ?rst and second non-differential states is per 
formed, the differential device to the differential state 
thereof, and performs the synchroniZation control oWing to 
an operation of the non-step speed change portion as the 
electric continuously variable transmission. Thus, even if the 
respective relative rotation speeds of the ?rst, second and 
third rotary elements, or the rotation speed of the engine may 
be changed by the sWitching betWeen the ?rst non-differen 
tial state and the second non-differential state, the rotation 
speeds of the ?rst through third rotary elements, or the 
rotation speed of the engine can be quickly synchroniZed or 
changed to the rotation speeds of the three rotary elements, 
or the rotation speed of the engine, after the completion of 
the stepWise speed change control, the rotation speeds or the 
rotation speed being univocally determined based on a 
vehicle speed and a speed ratio. Thus, the speed change 
shock can be restrained. 
According to another feature of the ?rst or second aspect 

of the present invention, When the stepWise speed change 
control is performed, the rotation speed synchroniZation 
controller keeps, When the sWitching betWeen the ?rst and 
second non-differential states is not performed, the differ 
ential device to the non-differential state thereof, and per 
forms the synchronization control. Thus, the rotation speeds 
of the ?rst through third rotary elements, or the rotation 
speed of the engine can be quickly synchroniZed or changed 
to the rotation speeds of the three rotary elements, or the 
rotation speed of the engine, after the completion of the 
stepWise speed change control, the rotation speeds or the 
rotation speed being univocally determined based on the 
vehicle speed and the speed ratio. Thus, the speed change 
shock can be restrained. 
According to another feature of the ?rst or second aspect 

of the present invention, the rotation speed synchroniZation 
controller performs, When the at least one of the ?rst and 
second electric motors cannot be used, one of the stepWise 
speed change control of the stepWise speed change portion 
and the sWitching betWeen the ?rst and second non-differ 
ential states. Thus, at least a speed change control that is 
commonly performed by stepWise automatic transmissions, 
for example, a stepWise speed change control Wherein 
engaging and disengaging of coupling devices are per 
formed, can be performed as a substitute control. Thus, the 
speed change shock can be restrained. 
According to another feature of the ?rst or second aspect 

of the present invention, the differential-state sWitching 
device comprises at least one of (a) a clutch Which connects 
at least tWo rotary elements of the ?rst, second, and third 
rotary elements, to each other, so as to establish the ?rst 
non-differential state and (b) a brake Which connects the 
second rotary element to a non-rotary element so as to 
establish the second non-differential state. Thus, the differ 
ential device can be easily sWitched to the ?rst non-differ 
ential state and to the second non-differential state. 

According to another feature of the ?rst or second aspect 
of the present invention, the differential-state sWitching 
device comprises the clutch and the brake, Wherein When the 
clutch and the brake are disengaged, the differential device 
is sWitched to the differential state thereof in Which the ?rst, 
second, and third rotary elements are rotated relative to each 
other and the non-step speed change portion operates as the 
electric continuously variable transmission, Wherein When 
the clutch is engaged and the brake is disengaged, the 
differential device is sWitched to the ?rst non-differential 
state thereof and the non-step speed change portion operates 
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as a transmission Whose speed ratio is equal to 1, and 
Wherein When the brake is engaged and the clutch is disen 
gaged, the differential device is switched to the second 
non-differential state thereof and the non-step speed change 
portion operates as a speed increase transmission Whose 
speed ratio is smaller than 1. Thus, the differential device 
can be sWitched to the differential state and to the non 
dilferential state, and can be operated as a transmission 
having a single or plural constant speed ratio or ratios. 

According to another feature of the ?rst or second aspect 
of the present invention, the differential device comprises a 
planetary gear set including a carrier, a sun gear, and a ring 
gear, and the ?rst, second, and third rotary elements of the 
differential device comprise the carrier, the sun gear, and the 
ring gear, respectively. Thus, a dimension of the differential 
device in an axial direction thereof can be decreased. In 
addition, the differential device can be constituted by the 
singe planetary gear set. 

According to another feature of the ?rst or second aspect 
of the present invention, the planetary gear set comprises a 
single-pinion planetary gear set including a pinion. Thus, the 
dimension of the differential device in the axial direction 
thereof can be decreased. In addition, the differential device 
can be constituted by the singe single-pinion planetary gear 
set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, advantages and 
technical and industrial signi?cance of the present invention 
Will be better understood by reading the folloWing detailed 
description of presently preferred embodiments of the inven 
tion, When considered in connection With the accompanying 
draWings, in Which: 

FIG. 1 is a schematic vieW for explaining a construction 
of a transmission system as a portion of a driving device of 
a hybrid vehicle to Which the present invention is applied; 

FIG. 2 is an operation table representing a relationship 
betWeen non-step or stepWise speed change operations of the 
transmission system, and combinations of respective oper 
ating states of hydraulically operated frictional coupling 
devices that are used to perform those speed change opera 
tions, respectively; 

FIG. 3 is a collinear chart for explaining respective 
relative rotation speeds of eight rotary elements RE1 
through RES in each of the stepWise speed change opera 
tions of the transmission system; 

FIG. 4 is a diagrammatic vieW for explaining input and 
output signals of an electronic control device of the driving 
device; 

FIG. 5 is a diagrammatic vieW for explaining various 
control functions of the control device of FIG. 4; 

FIG. 6 is a vieW shoWing a relationship betWeen (A) a 
pre-stored speed change map Which is prepared in a tWo 
dimensional coordinate system de?ned by tWo parameters, 
i.e., vehicle speed and output torque and according to Which 
a speed step to Which a stepWise speed change portion of the 
transmission system is shifted is selected, and (B) a pre 
stored state sWitch map Which is prepared in the same 
tWo-dimensional coordinate system and according to Which 
a speed change state to Which the transmission system is 
sWitched is selected; 

FIG. 7 is a vieW shoWing a pre-stored relationship Which 
includes a boundary line betWeen a non-step control area 
and a stepWise control area and Which is used as a basis in 
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6 
preparing a boundary (indicated at broken line) betWeen a 
non-step control area and a stepWise control area of the state 
sWitch map of FIG. 6; 

FIG. 8 is a graph shoWing an example of change of engine 
rotation speed When the speed steps of the transmission 
system operating as a stepWise variable transmission are 
shifted up; 

FIG. 9 is a How chart for explaining a control operation 
of the control device of FIG. 4, i.e., a rotation speed 
synchronization control of a ?rst, a second, and a third rotary 
element of a non-step speed change portion of the transmis 
sion system When the vehicle is running in a stepWise speed 
change mode in Which a stepWise speed change control of 
the transmission system is performed; 

FIG. 10 is a time chart for explaining the control operation 
represented by the How chart of FIG. 9, in particular, a 
control operation to shift up a fourth speed step 4”’ to a ?fth 
speed step 5”’ When the vehicle is running in the stepWise 
speed change mode; 

FIG. 11 is a time chart for explaining the control operation 
represented by the How chart of FIG. 9, in particular, a 
control operation to shift doWn a ?fth speed step 5”’ to a 
fourth speed step 4”’ When the vehicle is running in the 
stepWise speed change mode; 

FIG. 12 is a time chart for explaining the control operation 
represented by the How chart of FIG. 9, in particular, a 
control operation to shift up a fourth speed step 3rd to a 
fourth speed step 4”’ When the vehicle is running in the 
stepWise speed change mode; 

FIG. 13 is a time chart for explaining the control operation 
represented by the How chart of FIG. 9, in particular, a 
control operation to shift doWn a fourth speed step 4”’ to a 
third speed step 3rd When the vehicle is running in the 
stepWise speed change mode; 

FIG. 14 is a schematic vieW corresponding to FIG. 1, for 
explaining a construction of a transmission system as a 
portion of a driving device of another hybrid vehicle as a 
second embodiment of the present invention; 

FIG. 15 is an operation table corresponding to FIG. 2, 
representing a relationship betWeen non-step or stepWise 
speed change operations of the transmission system of FIG. 
14, and combinations of respective operating states of 
hydraulically operated frictional coupling devices that are 
used to perform those speed change operations, respectively; 

FIG. 16 is a collinear chart corresponding to FIG. 3, for 
explaining respective relative rotation speeds of seven rotary 
elements RE1 through RE7 in each of the stepWise speed 
change operations of the transmission system of FIG. 14; 
and 

FIG. 17 is a vieW ofa seesaW-type sWitch as a sort of a 
sWitching device that constitutes a portion of a speed change 
state selecting device that is manually operable by a driver. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, there Will be described in detail preferred 
embodiments of the present invention by reference to the 
draWings. 

First Embodiment 

FIG. 1 is a schematic vieW for explaining a transmission 
system 10 constituting a portion of a driving device of a 
so-called “hybrid” automotive vehicle to Which the present 
invention is applied. The hybrid vehicle additionally 
includes an electronic control device 40 shoWn in FIG. 4. In 
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FIG. 1, the transmission system 10 includes an input shaft 14 
as a rotary input member, a non-step (i.e., continuous) speed 
change portion 11, a stepWise automatic speed change 
portion 20 (hereinafter, referred to as the “stepWise speed 
change portion 20”) functioning as a stepWise automatic 
transmission, and an output shaft 22 as a rotary output 
member all of Which are provided, in series, on a common 
axis in a transmission case 12 (hereinafter referred to as the 
“case 12”) as a non-rotary (i.e., stationary) member that is 
?xed to a body of the vehicle. The non-step speed change 
portion 11 is connected to the input shaft 14 directly, but it 
may be connected indirectly via, e.g., a pulsation absorbing 
damper (i.e., a vibration damping device), not shoWn. The 
stepWise speed change portion 20 is connected, in series, to 
the non-step speed change portion 11 via a transmission 
member 18 (e.g., a transmission shaft), in a poWer trans 
mission path betWeen the non-step speed change portion 11 
and a pair of drive Wheels 38 (FIG. 5) of the vehicle. The 
output shaft 22 is connected to the stepWise speed change 
portion 20. The transmission system 10 is preferably 
employed by an FR (front engine, rear drive) vehicle in 
Which the system 10 is provided along a longitudinal axis of 
the vehicle. More speci?cally described, the transmission 
system 10 is provided betWeen an internal combustion 
engine (E/G) 8 (hereinafter, referred to as the engine 8) such 
as a gasoline engine or a diesel engine, and the tWo drive 
Wheels 38. The engine 8 functions as a driving poWer source 
that produces a driving poWer to drive or run the vehicle, and 
is connected to the input shaft 14 either directly, or indirectly 
via, e.g., the pulsation absorbing damper, not shoWn. As 
shoWn in FIG. 5, the transmission system 10 transmits the 
driving poWer produced by the engine 8, to the tWo drive 
Wheels 38 via, ?rst, a differential gear unit (e.g., a ?nal 
reduction gear) 36 and, then, tWo axle shafts. The differential 
gear unit 36 constitutes another portion of the driving 
device, and is provided in the poWer transmission path. 
Since the transmission system 10 has a symmetrical con 
struction With respect to the above-indicated common axis, 
a loWer half portion of the system 10 is not shoWn in FIG. 
1. This applies to another transmission system 70 as a second 
embodiment, shoWn in FIG. 14. In the present transmission 
system 10 as a ?rst embodiment, the non-step speed change 
portion 11 is “directly coupled” to the engine 8. The phrase 
“directly coupled” means that the non-step speed change 
portion 11 is connected to the engine 8 in such a manner that 
a hydraulic poWer transmission such as a torque converter or 
a ?uid coupling is not provided betWeen the tWo elements 
11, 8, and accordingly the phrase “directly coupled” encom 
passes the above-indicated case Where the tWo elements 11, 
8 are connected to each other via, e. g., the pulsation absorb 
ing damper. 

The non-step speed change portion 11 includes a ?rst 
electric motor M1, a poWer transfer 16 as a differential 
device, and a second electric motor M2. The poWer transfer 
16 is a mechanical device that mechanically distributes the 
driving poWer of the engine 8 outputted to the input shaft 14, 
more speci?cally described, mechanically distributes the 
output of the engine 8 to the ?rst motor M1 and the 
transmission member 18. The second motor M2 is rotated 
integrally With the transmission member 18. The second 
motor M2 may be provided anyWhere in a portion of the 
poWer transmission path that is located betWeen the trans 
mission member 18 and the drive Wheels 38. Though each 
of the ?rst and second motors M1, M2 is a so-called “motor 
generator” that has the function of generating electric poWer, 
the ?rst motor M1 functions as at least a generator that 
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8 
produces a reaction force, and the second motor M2 func 
tions as at least a motor that produces a driving force. 
The poWer transfer 16 is essentially constituted by a 

single-pinion ?rst planetary gear set 24 having a pre-deter 
mined gear ratio p1, e.g., about 0.418; a sWitching clutch 
C0; and a sWitching brake B0. The ?rst planetary gear set 24 
includes, as a plurality of rotary elements thereof (i.e., a 
plurality of elements thereof), a ?rst sun gear S1; a ?rst 
planetary gear P1; a ?rst carrier CA1 supporting the ?rst 
planetary gear P1 such that the planetary gear P1 can be 
rotated and revolved; and a ?rst ring gear R1 engaging the 
?rst sun gear S1 via the ?rst planetary gear P1. Providing 
that a number of teeth of the ?rst sun gear S1 is expressed 
as ZS1 and a number of teeth of the ?rst ring gear R1 is 
expressed as ZR1, the above-indicated gear ratio p1 of the 
?rst planetary gear set 24 is expressed as p1:ZS1/ZR1. 
The poWer transfer 16 is constructed such that the ?rst 

carrier CA1 is connected to the input shaft 14 and accord 
ingly the engine 8; the ?rst sun gear S1 is connected to the 
?rst motor M1; and the ?rst ring gear R1 is connected to the 
transmission member 18. In addition, the sWitching brake 
B0 is provided betWeen the ?rst sun gear S1 and the case 12, 
and the sWitching clutch C0 is provided betWeen the ?rst sun 
gear S1 and the ?rst carrier CA1. In a state in Which the 
clutch C0 and the brake B0 are both disengaged (i.e., 
released), the ?rst sun gear S1, the ?rst carrier CA1 and the 
?rst ring gear R1 as the three elements of the ?rst planetary 
gear set 24 can be rotated relative to each other, so that the 
poWer transfer 16 is sWitched to a differential state in Which 
the poWer transfer 16 operates as the differential device and 
accordingly the output of the engine 8 is distributed to the 
?rst motor M1 and the transmission member 18. More 
speci?cally described, a portion of the output of the engine 
8 is stored as electric energy produced by the ?rst motor M1, 
and another portion of the output of the engine 8 is used to 
rotate the second motor M2, so that the non-step speed 
change portion 11 is sWitched to a so-called “non-step speed 
change state” in Which the portion 11 operates as an electric 
CVT (continuously variable transmission). Thus, When the 
engine 8 is rotated at a constant speed, a speed of rotation of 
the transmission member 18 is continuously changed. That 
is, When the poWer transfer 16 is sWitched to the differential 
state, the non-step speed change portion 11 is sWitched to the 
non-step speed change state in Which the portion 11 operates 
as the electric CVT and accordingly a speed ratio (i.e., a 
transmission gear ratio) Y0 of the portion 11 can be continu 
ously changed betWeen a minimum value VOW-n and a maxi 
mum value YOMM. The speed ratio Y0 of the non-step speed 
change portion 11 is de?ned as a value obtained by dividing 
the rotation speed of the input shaft 14 by the rotation speed 
of the transmission member 18. 

In the above-indicated non-step speed change state, if 
either the sWitching clutch C0 or the sWitching brake B0 is 
engaged, then the poWer transfer 16 is sWitched to a non 
dilferential state in Which the transfer 16 cannot operate as 
the differential device. More speci?cally described, in a state 
in Which the switching clutch C0 is engaged (but the 
sWitching brake B0 remains disengaged) and accordingly 
the ?rst sun gear S1 and the ?rst carrier CA1 are integrally 
engaged With each other, the ?rst sun gear S1, the ?rst carrier 
CA1, and the ?rst ring gear R1 as the three elements of the 
?rst planetary gear set 24 are placed in a locked state in 
Which the three elements are rotated as an integral unit, so 
that the poWer transfer 16 is sWitched to in a ?rst non 
dilferential state in Which the poWer transfer 16 cannot 
operate as the differential device. Since, in the ?rst non 
dilferential state, the respective rotation speeds of the engine 




































